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Sammaty:  Thtt  article  prmiiJes  an  ovemeu*  of  h>p!^habnt}c  and  pitcitar>'j;)«2t  i  ^p^cial 
alterations  in  brain  trauma,  including  the  tncidence  ik  h>iN>lha]anuopftuitai>‘.  A  v  { 
damage.  fnjur>‘  mechanisms,  features  of  the  h>'pi;MhaIamic>pituttar>  defeets.!  W^X  | 

anil  mainr  hi-rtnthalamir^nctinlars*  <t»4lttfhanri^  in  fwatn  tratima  ht-fw.!  i  s 


and  major  h>'polha!amic-rituitar>‘  disturbances  in  brain  trauma.  While  h>'p(v 
thalamic-(ntuitar>  lesions  base  been  commonly  described  at  postmortem  cv' 
amination.  only  a  limited  number  of  clinical  cases  of  traumatic  hy-polhalamic- 
pituitary'  dy'sfurxrtion  have  been  report^,  {vobably  because  injury*  of 
sufTicient  severity  to  cause  hyiiothal^ic  and  (Mtuitary  damage  usually  leads  to 
early  death.  W'ith  the  improsement  in  rescue  measures,  an  increasing  number 
of  scs'crel)  head'injured  patients  with  hypothalamic^pituitary*  dysfunction  will 
sursisclobcsccn  by  clinicians.  Patterns  of  endocrine  abf>ormalitics  following 
brain  trauma  sary*  depending  on  whether  the  injury  site  is  in  the  hypolhabmus. 
the  anterior  or  posterior  pituitary*,  or  the  upper  m*  lower  portion  of  the  pituitary 
stalk.  Injury  predominantly  to  the  hypcMhalamus  can  produce  dissociated 
ACTM-cortisol  lescls  with  no  response  to  insulin-induced  hypoglycemia  and  a 
limited  or  failed  meiopirone  test,  hy-pothyroxinemia  with  a  presersed  thyroid- 
stimubting  hormone  response  to  fhyroiro|un*reIcasing  hormone,  low  gonado¬ 
tropin  levels  with  a  normal  response  to  gonadotropin-releasing  hormone,  a 
sa*  .ole  grouih  hormone  (GHI  level  with  a  paradoxical  rise  in  GH  after  glu¬ 
cose  loading,  hyperprolaclinemb.  the  syndrome  of  tnappropnalc  ADH  secre¬ 
tion  (SIADH).  temporary  or  permanent  diabetes  insipidus  (Dll.  disturbed  glu¬ 
cose  metabolism,  and  loss  of  body  temperature  control.  Severe  damage  to  the 
lower  pituitary  stalk  or  anterior  lobe  can  cause  low  basal  levels  of  all  antenor 
pituitary  hormones  and  eliminate  responses  to  their  releasing  factors.  Only  a 
few  cases  showed  typical  features  of  hypothabmic  or  pituitary  dysfunction 
Most  severe  injuries  arc  sufTIcient  to  damage  both  structures  and  produce  a 
mixed  endocrine  picture.  Increased  iniracranbl  pressure,  which  releases  va¬ 
sopressin  by  altering  normal  hypothalamic  anatomy,  may  represent  a  unique 
type  of  stress  to  neuroendocrine  systems  and  may  contribute  to  adrenal  secre¬ 
tion  by  a  mechanism  that  requires  inlacl  brainstem  function  Imdocnnc  func¬ 
tion  should  be  monitored  in  bram-injurcd  patients  with  basilar  skull  fractures 
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Major  liauma  provokes  a  neuroendocrine  response  characterized  by  stimula¬ 
tion  of  the  h)'pothalamus  and  results  in  altered  secretion  of  letuilai)  hormones 
and  activation  of  the  sv-mpathoadrenal  system,  uith  changes  in  the  secretion  of 
adrenal,  pancreatic,  and  th)Toid  hormones  C52.65.75).  These  reactions  arc  con¬ 
sidered  nonspecific,  or  indeperrdent  of  the  site  of  injury  (117).  However,  head 
trauma  patients  may  present  different  pauems  of  hormonal  response  to  trauma 
when  compared  to  other  trauma  patients.  The  development  of  a  full  hormonal 
response  to  trauma  involves  numerous  pathways  and  centers,  including  afferent 
neural  pathways,  the  brainstem,  the  cottc.v.  corticohypolhalamic  pathways,  hy¬ 
pothalamic  integrative  centers,  the  pituitary  gland,  and  efferent  autonomic  path¬ 
ways  (169).  Head  injuries  may  disturb  any  part  of  this  compic.v  response,  depend¬ 
ing  on  (he  severity  and  the  location  of  primary  and  secondary  injuries.  It  is 
important  to  recognize  these  unique  endocrine  disturbances  in  head  trauma  pa¬ 
tients  because  such  hormonal  changes  may  induce  metabolic  aberrations  that 
have  considerable  diagnostic  and  therapeutic  implications  as  well  as  great  impact 
on  the  eventual  outcome  (85). 

Despite  the  clinical  obsenation  of  an  altered  endocrine  profile  in  head  trauma 
patients  and  frequent  recognition  of  pituitary  and  hypothalamic  damage  in  post¬ 
mortem  studies  following  head  injury  (25.34.38.39.97).  the  patterns  of  changes  in 
hypothalamic  and  pituitary  hormones  arc  not  fully  understood,  nor  is  the  influ¬ 
ence  of  such  changes  on  peripheral  endocrine  gland  functions.  This  article  pro¬ 
vides  an  overview  of  the  hypothalamic-pituitary  axis  alterations  in  traumatic 
brain  injury.  Since  most  previous  studies  have  been  clinical  and  many  of  them  arc 
concerned  with  changes  in  the  pituitary  gland  in  long-term  survivors  of  head 
injury,  very  few  descriptions  of  hypothalamic-pituitary  changes  in  the  early  post- 
traumatic  period  arc  available. 

Hypothalamic  disorders  can  also  alfcct  many  functions  not  mediated  by  the 
pituitary,  including  a  large  number  of  autonomic  nervous  system  functions  that 
arc  involved  in  acute  and  chronic  ncuromctabolic  control  and  regulation  of  the 
cardiovascular,  pulmonary,  renal,  and  gastrointestinal  systems.  These  nonpitu- 
ilary  functions  may  interact  with  the  hypothalamic-pituitary-targct  organ  axes  at 
various  levels  (126).  However,  the  main  focus  of  (his  review  is  the  hypothalamic 
responses  to  head  trauma  involving  (he  pituitary  gland. 

INCIDENCE 

Damage  to  the  pituitary  and  hypothalamus  is  common  in  patients  dying  of  head 
injury  (25.34.38.39.97).  Daniel  and  Treip  (39)  found  that  of  152  patients  who  died 
from  head  injury.  56  (37%)  exhibited  lesions  in  the  pituitary  Ccballos  (25)  exam- 
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ined  piluilaiy  flands  of  i02  head  trauma  patients  from  2 JOO  consecutive  autop¬ 
sies:  dama^  in  the  pituitar>'.  mainly  hemortfu^  and  necrosis,  u-as  found  in  8S 
(86.3%)  cases.  Komblum  and  Fischer  (97)  examined  the  brains  of  100  patients 
uith  fatal  head  injury:  62  sboued  one  or  more  lesions  in  the  pituitary  gland.  42 
showed  hemorrhages  in  the  posterior  lobe,  and  22  showed  ischemic  necrosis  of 
the  anterior  lobe.  Trauma  to  the  hypothalamus  frequently  occurs  in  serious  head 
injuries.  In  Crompton's  study  of  106  autopsy  cases  with  fatal  head  injury,  hypo¬ 
thalamic  lesions  were  found  in  45  (42%)  cases  (>4).  It  is  apparent,  therefore,  that 
hypothabmic-pituitary  injury  is  common  in  head  trauma. 

INJURY  MECHANIS.MS 
Hypothalamic  Injury 

'The  supraoptic  nucleus  (SON)  is  the  most  vulnerable  area  of  the  hypothalamus 
because  of  its  location  in  relation  to  the  optic  nerve  (48.95)  (Fig.  I).  'The  optic 
nerve  is  tethered  rostrally  at  the  optic  foramen  by  the  dural  sheath.  Caudally.  it 
forms  an  angle  with  the  lamina  tcrminalis  close  to  the  SON.  As  one  side  of  the 
angle  is  fixed,  sudden  movements  of  the  brain  can  readily  result  in  tearing  or 
compression  of  the  SON.  'The  adjacent  blood  vessels  may  also  be  damaged, 
causing  hemorrhage.  Smaller  lesions  have  been  found  in  the  paraventricular  nu¬ 
cleus  (I’VN).  but  direct  tears  have  not  been  seen,  probably  because  it  is  farther 
away  from  the  optic  foramen  (153).  Subependymal  hemorrhages  around  the  third 
ventricle  are  common,  and  may  impinge  upon  the  PVN. 


Pituitary  Injury 

Infarction  is  the  major  lesion  in  the  anterior  lobe  of  the  pituitary  after  brain 
trauma.  The  blood  supply  of  the  anterior  pituitary  lobe  is  obtained  almost  exclu¬ 
sively  from  the  hypophyseal  portal  vein  system,  which  has  both  long  and  short 
portal  veins  (36)  (Fig.  I).  The  long  portal  veins  are  derived  from  the  two  superior 
hypophyseal  arteries  through  the  plexus  in  the  median  basal  eminence  and  the 
upper  stalk  and  supply  90%  of  the  anterior  lobe  of  the  pituitary.  The  short  portal 
veins  originate  from  the  two  inferior  hypophyseal  arteries  via  a  capillary  plexus  in 
the  lower  stalk  below  the  diaphragma  scllac  and  only  supply  a  few  adenohypoph- 
yseal  cells  adjacent  to  the  posterior  pituitary.  Additionally,  there  is  a  thin  layer  of 
cells  under  the  capsule,  which  is  supplied  by  the  capsular  arteries.  The  posterior 
pituitary's  entire  blood  supply  comes  from  the  inferior  hypophyseal  arteries. 
When  the  pituitary  stalk  is  ruptured  below  the  origin  of  the  long  portal  veins  as  a 
result  of  head  trauma,  about  90%  of  the  anterior  lobe  is  infarcted.  with  only  a  few 
cells  adjacent  to  the  posterior  lobe  or  the  capsule  of  the  gland  surviving  However, 
the  blood  supply  to  the  posterior  lobe  is  not  afrected  by  sl.ilk  injury  and  the  lobe 
does  not  become  infarcted:  rather,  it  is  denervated  (37). 

in  certain  circumstances,  rupture  of  the  stalk  may  not  ncccssanly  be  associated 
with  infarction  of  (he  anterior  pituitary.  If  the  transection  of  the  stalk  passes  above 
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FIG.  I.  Schematic  prcNcnlalion  of  anatomy  and  po\Mb)e  areas  of  damage  to  the  hvpothabm:c-> 
pituitars  region.  (A)  The  SON  could  he  lom  off  or  compressed  uhen  the  hratn  makes  a  sudden 
mosemenl  ^causc  the  dura  tethers  the  optic  nerse  al  ihc  optic  foramen.  The  PVN  is  less  liKcIv  to  he 
damaged,  probably  because  it  is  farther  assay  from  the  optic  foramen  (B)  High  transection  of  the 
pituitary  stalk  may  result  in  a  rupture  of  the  sessels  to  the  hypothalamus,  but  portal  sesscis  to  the 
anterior  pituitary  may  escape  injury .  (C)  l.oss  stalk  tianseciion  may  cause  a  rupture  of  the  at  g  portal 
vessels  with  a  resultant  massive  infarction  of  the  anterior  pituitary  I.esions  in  Ihc  pituitary  stalk  uill 
also  interrupt  the  nerve  fibers  from  the  SON  and  PVN  to  the  posienor  pituitary 


(he  poini  of  cniry  of  Ihc  superior  hypophyseal  aricry  and  Ihc  ponal  vessels  arc 
spared.  Ihcn  Ihc  anicrior  piluilary  may  nol  become  infarcicd  (48).  On  Ihc  olhcr 
hand,  some  sludics  show  anicrior  piluilary  infarclions  wiih  an  inlaci  slalk.  These 
may  rcsull  from  shock  or  anoxemia  following  Iniuma.  a  slalc  similar  lo  Sheehan's 
posiparlum  infarclion  (97).  liccaiisc  Ihc  ponal  circulalion  is  a  low  pressure  end 
circulalion.  il  is  rclalivciy  vulnerable  lo  shock,  l•u^hcrmorc.  Ihc  piluilary  gland  is 
vulnerable  lo  swelling,  because  Ihc  gland  is  confined  wilhin  Ihc  sella  lurcica  by  Ihc 
diaphragma  sella  wilh  a  very  small  opening  for  passage  of  Ihc  piluilary  slalk. 
When  Ihc  gland  swells  as  a  rc.sull  of  cerebral  edema.  Ihc  fragile  long  hypophyseal 
vessels  arc  usually  compressed  bclwccn  Ihc  slalk  and  Ihc  free  edge  of  Ihc  dia- 
phnigma  sella,  rcsulling  in  anicrior  piluilary  infarclion  (.1().9.‘>.97). 

The  mosi  common  lesion  in  Ihc  posicrior  piluilary  is  aculc  hemorrhage.  This  is 
often  pcicchial.  bul  somclimcs  large  enough  lo  cause  appreciable  damage  lo  Ihc 
gland  Necrosis  wilhin  Ihe  posicrior  piluilary  ilscif  is  very  rare  (1.“)). 


I  roniicf^  in  Senroemlix  nnt>li}e\  \tyl  12  No  ^  1991 


NEUROENDOCRIXOLOGYAND  BRAIN  INJURIES  213 

FEATURES  OF  HYPOTHALAMIC-PITUITARY  DEFECTS  IN 
BRAIN  TRAUMA 

Hypolhalamic  Origin 

Hypopiluilarism  may  be  caused  by  primary  damage  in  the  piluilary  gland  or  it 
may  be  secondary  to  disorders  in  the  hypothalamus.  In  many  cases,  clinical 
hypopiluilarism  and  resultant  hypothyroidism  following  head  injury  actually  orig¬ 
inated  in  the  hypothalamus  rather  than  the  pituitary  (29.31.60.86.122.154).  in 
some  cases,  certain  pituitary  hormones  |c.g..  luteinizing  hormone  (LH)  and  fol¬ 
licle-stimulating  hormone  (FSH)]  and  target  gland  hormones  (c.g..  testosterone 
and  estradiol)  were  low.  but  other  hormones  Ic.g..  thyroid-stimulating  hormone 
(TSH)  and  prolactin  (PRL)|  were  normal  or  even  elevated  (31.60.86.130.154). 
Responses  of  the  piluilary  hormones  to  exogenous  thyrotropin-releasing  hormone 
(TRH).  gonadotropin-releasing  hormone  (GnRH).  and  lysine  vasopressin  (LVP) 
were  preserved  even  during  dcxamcihasone  therapy,  but  they  were  delayed  or 
blunted,  indicating  a  hypothalamic  defect  and  an  inadequate  pituitary  "priming" 
(I7.29.3I.59.60.86.I22.I30.I32.I54.I73).  Since  an  intact  hypothalamus  is  neces¬ 
sary  for  hypoglycemia  to  stimulate  the  anterior  pituitary  to  secrete,  no  response 
to  insulin-induced  hypoglycemia  was  observed  (7.86.105.132. 151. 154.167). 

Less  Frequent  Anterior  Pituitary  Dysfunction 

Anterior  pituitary  dysfunction  following  a  traumatic  brain  injury  has  been  re¬ 
ported  infrequently  despite  a  22-45%  prevalence  of  ischemic  necrosis  or  hemor¬ 
rhagic  infarcts  in  the  hypothalamic-pituitary  region  at  autopsy  (34.97).  This  dis¬ 
crepancy  is  due  to  several  factors:  (a)  In  terms  of  functional  disruption,  the  an¬ 
terior  piluilary  is  IcsS  likely  to  be  involved  in  cerebral  injury  than  the  posterior 
pituitary  (86.153);  (b)  patients  with  severe  anterior  pituitary  infarction  may  also 
have  vcr>  severe  brain  injury  and.  therefore,  they  do  not  survive  for  the  clinical 
appearance  of  anterior  piluilary  dysfunction  (48.95);  and  (c)  the  pituitary  gland 
has  a  very  large  reserve  capacity.  Two-lhirds  of  the  anterior  pituitary  must  be 
destroyed  before  clinical  signs  of  hypopituitarism  develop  and  more  than  90% 
must  be  destroyed  before  piluilary  secretion  tol.ally  ceases  (95). 

Less  Frequent  Involvement  of  ACTH 

Anterior  pituitary  defects  caused  by  injury  may  involve  only  one.  several,  or  all 
of  the  tropic  hormones.  However,  diminished  adrenocorticotropic  hormone 
(ACTH)  secretion  is  less  common  than  that  of  the  other  pituitary  hormones.  The 
PVN,  which  contains  the  majority  of  corticotropin-rcicasing  hormone  (CRH)- 
conlaining  neurons  (68.83,146),  is  less  commonly  or  less  severely  involved  in  the 
injury.  Unlike  the  SON,  direct  tears  in  the  PVN  have  not  been  observed  (153).  In 
addition,  a  secondary  defect  in  ACTH  secretion  may  not  be  present  even  if  there 
IS  damage  in  the  hypothalamus  because  the  CKH-containmg  cells  arc  present  not 
only  in  the  hypothalamus  but  also  m  many  other  locations  These  include  the  basal 
telencephalon,  brainstem,  and  much  of  the  cerebral  cortex  (6.18,65.69,70).  as  well 
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as  cxirancural  tissues  (70).  CRH  cells  have  been  found  in  the  placenta  (138). 
endocrine  pancreas  (120).  and  gastrointestinal  tract  (98).  Though  no  conclusion  as 
to  the  role  of  c.xtiahypothalaniic  CRH  in  the  regulation  of  ACTH  has  been 
reached.  e.xtrahypothalamic  CRH  may  be  released  to  stimulate  the  pituitary- 
adrenal  axis  (18).  Finally,  even  if  there  is  reduced  ACTTH  secretion,  there  may  not 
be  an  accompanying  hypocorticalism.  because  many  exirapituitary  factors  can 
stimulate  the  secretion  of  the  adrenal  cortex  (127). 

Early  Recognition  of  Posterior  Pituitary  Dysfunction 

Posterior  pituitary  dysfunction  after  head  trauma  is  usually  recognized  during 
the  early  posttraumatic  period  either  as  frank  diabetes  insipidus  (Dl)  or  as  a 
decreased  ability  to  excrete  free  water  (61).  This  is  in  contrast  to  traumatic  ante¬ 
rior  hypopituitarism,  which  is  usually  diagnosed  long  after  the  injury  when  clinical 
evidence  of  secondary  end-organ  failure  has  become  evident  (14.86.154). 

MAJOR  ENDOCRINE  DISTURBANCES  OCCURRING  IN  BRAIN  TRAUMA 
Hypothalamic-Pituitary-Adrenal  Cortical  (HPA)  Axis 

The  HPA  axis  is  a  very  important  endocrine  system  because  a  sulTicicnt  circu¬ 
lating  glucocorticoid  level  is  necessary  to  maintain  the  sensitivity  of  vascular 
smooth  muscle  as  well  as  the  baroreceptor  response  to  vasoactive  agents  (40). 
Recent  studies  suggest  that  brain  receptors  for  mineralo-  and  glucocorticoids  arc 
involved  in  the  central  regulation  of  arterial  blood  pressure  (156).  Pathways  me¬ 
diating  the  ACTH  response  to  general  trauma  have  been  well  defined 
( 16.76,94,95. 125. 170).  Impulses  initiated  in  the  injured  area  traverse  the  peripheral 
nerves,  and  ascend  through  the  spinal  cord  and  brainstem  to  integrating  centers  in 
the  reticular  formation  and  limbic  areas,  where  these  impulses  may  or  may  not  be 
modified  by  stimuli  descending  from  the  cerebral  cortex.  Impulses  arc  then  trans¬ 
mitted  to  the  median  eminence,  where  CRH  is  liberated.  CRH  enters  the  hy¬ 
pophyseal  portal  blood  system,  descends  to  the  anterior  pituitary  cells,  and  in¬ 
teracts  with  highly  specific  receptors  on  the  anterior  pituitary  cells  to  release 
ACTH.  The  ACTH  is  then  transported  via  the  systemic  circulation  to  the  adrenal 
gland,  where  it  stimulates  secretion  of  cortisol  and  aldosterone.  Thus,  when  the 
brain  is  traumatized,  ACTH  secretion  may  be  affected  by  exciting  or  inhibiting 
influences  on  the  hypothalamus  from  stimulated  cortical  or  subcortical  areas; 
severed  eommunications  between  the  hypothalamus  and  other  areas,  or  direct 
stimulation,  inhibition,  or  destruction  of  hypothalamic  or  pituitary  centers  (42,94). 
These  aberrations  may  be  exhibited  clinically  in  three  ways;  altered  plasma  hor¬ 
mone  levels;  changes  in  the  relationship  among  the  hormones  derived  from  hy¬ 
pothalamus,  pituitary,  and  adrenal  glands,  or  a  disturbed  circadian  rhythm  (85) 

Altered  Plasma  Hormone  Levels 

Clinical  data  show  that  brain  trauma  docs  not  cause  a  high  plasma  ACTH  level, 
or  at  least  it  does  not  increase  the  ACTH  level  as  much  as  general  trauma  with  a 
similar  severity.  In  one  study  of  14  brain-injurcd  comatose  patients,  the  plasma 
ACTH  level  (45.6  ±  12.5  pg/ml)  within  12-24  h  of  hospitalization  was  not  signif- 
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icantly  different  from  that  obtained  bettveen  0900  and  1000  h  in  normal  subjects 
(S 1 .6  ±  3.8  pgfml)  (56).  In  another  study,  plasma  ACTH  levels  within  2  h  of  injury 
were  increased  compared  to  normal  controls,  but  were  lower  than  those  of  trauma 
patients  without  major  head  injuries  (median  values  of  96.8  vs.  201.6  pg/ml)  (10). 
It  has  been  reported  that  certain  patients  with  pituitary  stalk  transection  failed  to 
respond  to  the  metopirone  test  (103.128).  This  test  c.vamincs  pituitary  corticotro- 
phin  reserve  by  producing  inhibition  of  cortisol  biosynthesis  and  thus  stimulating 
ACTH  secretion  (152).  The  brain-injured  patients  with  a  limited  response  to  me¬ 
topirone  had  significantly  longer  comatose  periods  than  those  with  normal  me¬ 
topirone  test  results  (103. f28). 

I  An  experimental  study  showed  that  the  activation  of  neurons  in  the  PVN  by 

microinjcction  of  L-glutamate.  which  is  r  leased  in  brain  injury,  elevated  plasma 
levels  of  ACTH.  arginine  vasop:  ..sin  (AVP).  and  oxytocin  (41).  However,  global 

I  brain  damage  may  not  substantially  inercasc  ACTH  secretion.  Our  study  in  rats 

showed  that  fluid  percussion  brain  injury  increased  plasma  levels  in  ACTH.  cor¬ 
ticosterone.  and  aldosterone  I  h  after  the  injury,  but  the  elevations  in  ACTH  and 
corticosterone  were  not  significant;  only  the  aldosterone  level  exhibited  a  signif¬ 
icant  increase  (179).  Thus,  bratn  trauma,  like  other  types  of  trauma,  usually  stim¬ 
ulates  the  HPA  axis,  but  if  the  hypophyseal  portal  veins  are  ruptured  or  the  net 
neural  influence  on  the  hypothalamus  is  inhibitory,  the  response  is  reduced  or 
absent  and  hypopituitarism  may  occur. 

Plasma  cortisol  levels  in  brain  trauma  were  found  to  be  similar  to  those  in 
general  trauma  (10,52.55.75.94,96.144).  It  appears  that  the  more  severe  the  brain 
trauma,  the  higher  the  plasma  cortisol  level  (94).  In  critically  ill  patients,  there  is 
a  shift  in  the  steroidogenic  pathways  in  favor  of  the  production  of  cortisol  (166) 
and  this  may  also  occur  in  brain  Inauma  victims. 


Clumi’t’S  in  Relationship  Among  Hormones 

Normally,  adrenocortical  secretion  is  controlled  by  ACTH.  which  is  mainly 
governed  by  CRH.  HIcvatcd  endogenous  or  exogenous  glucocorticoid  levels  in¬ 
hibit  CRH  and  ACTH.  and  hence  cortisol  secretion  (65.107.176).  Current  evi¬ 
dence  suggests  that  cortisol  may  have  no  inhibitory  effects  at  the  pituitary  level  in 
VIVO  (54)  However,  these  intcnactions  can  be  modified  under  certain  conditions 
(65.127).  With  moderate  general  trauma,  both  plasma  ACTH  and  cortisol  levels 
increased  in  proportion  to  the  seventy  of  the  injury.  However,  at  high  seventy 
scores.  ACTH  plateaucd  while  cortisol  decreased,  indicating  a  poor  response  of 
the  adrenal  cortex  to  ACTH  in  severe  trauma  (10.145),  In  head  trauma  patients, 
the  dissociation  of  ACTH  and  cortisol  changes  is  in  the  opposite  direction.  Fcibcl 
ct  al.  (56)  showed  that  in  head-injured  patients  the  increased  cortisol  level  was  not 
accompanied  by  a  corrcsoondingly  elevated  ACTH  level.  Several  possibilities 
may  account  for  this  discrepancy,  the  adrenal  .sensitivity  to  ACTH  may  be  en¬ 
hanced,  peripheral  metabolism  of  cortisol  may  be  altered,  cxtr.ipituitary  sources 
of  ACTH.  including  leukocytes,  may  modul.atc  cortisol  scciction  during  stress,  or 
.adrenocortical  .activation  may  be  non-CRH  or  non-ACTH  mediated  (16,71.85). 
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Similar  mechanisms  may  operate  in  other  clinical  settings.  Vaughan  ct  al.  (157). 
studying  36  patients  with  severe  bums,  found  very  high  cortisol  levels  but  gen¬ 
erally  normal  ACTTH  concentrations,  with  no  correlation  between  the  two.  Other 
workers  investigating  acute  hemorrhage  also  reported  poor  concordance  between 
ACTH  and  corticosteroid  levels  (46.53.66.171.172). 

In  brain  trauma  patients,  unusual  factors  may  exist  to  strongly  stimulate  the 
HPA  axis.  It  has  been  found  that  elevated  intracranial  pressure  (ICP)  is  a  potent 
stimulus  for  adrenocortical  activation  in  the  presence  of  normal  brainstem  func¬ 
tion  (56).  Patients  without  intracranial  hypertension  had  decreased  plasma  cortisol 
levels  (2.4  ±  0.3  pg/dl)  within  36  h  following  head  injuries.  In  contrast,  those  with 
intracranial  hypertension  had  persistently  elevated  cortisol  concentrations  (15.4  ± 
2.6  pg/dl; p  <  0.001 ).  even  though  dexamethasone  was  given  and  the  ACTH  level 
was  low  (22.4  ±  10. 1  pg/ml).  When  brainstem  dysfunction  was  superimposed  on 
the  situation,  the  hypcrcorticalism  disappeared  and  low  cortisol  levels  occurred 
(56).  It  appears  that  normal  brainstem  function  is  necessary  for  adrenocortical 
activation  in  response  to  elevated  ICP.  Al  the  present  lime,  no  specific  locations 
within  the  brainstem  can  be  precisely  described  as  critical  pathways  for  this 
effect. 

It  has  been  postulated  that  intracranml  hypertension  may  alter  the  physiology  of 
neuroendocrine  systems  by  distorting  the  normal  architecture  of  the  hypothala¬ 
mus  or  by  producing  ischemia  in  criticitl  areas  (34).  Furthermore,  an  elevated  ICP 
may  remove  normal  hypothalamic  or  suprahypothalamic  constraints  on  ACTH 
secretion,  because  there  is  evidence  that  the  brain  inhibits  resting  ACTH  secre¬ 
tion  (49.50). 

Studies  indicate  that  AVP  plays  an  important  role  in  mediating  the  intracranial 
hypertension-induced  HPA  response.  CRH  and  AVP  have  been  found  in  the  PVN 
around  the  third  ventricle  (83).  which  is  distorted  when  ICP  is  .acutely  elevated 
There  is  a  massive  release  of  AVP  in  experimental  intracranial  hypertension.  This 
enhanced  release  is  not  suppressed  by  hypotonic  infusions  (72).  AVP  has  been 
shown  both  in  vivo  and  in  vitro  to  stimulate  ACTH  release  directly  from  the 
.anterior  pituitary,  and/or  by  way  of  CRH  (19.20.67.73).  It  h.as  also  been  ckaimcd 
that  AVP  IS  the  major  dynamic  mediator  of  ACTH  secretion  stimulated  by 
a-adrcncrgic  effects  of  catecholamines  (3)  Another  study  suggests  that  AVP  may 
decrease  ACTH  production,  but  directly  increase  adrenal  glucocorticoid  produc¬ 
tion  by  activating  barorcceptor  reflexes  (20)  Regardless  of  the  mechanism,  AVP 
seems  to  be  the  most  potent  stimulus  for  overriding  the  normal  suppression  of 
cortisol  secretion  (20.142).  Incrc,ased  ICP.  e.aiising  loeal  disruption  of  normal 
hypothalamic  anatomy  to  rclciist  AVP,  m.ay  represent  a  unique  type  of  stress  to 
neuroendoerinc  systems,  .and  thereby  contribute  to  adrenal  secretion  by  nonelas- 
sic.nl  pathways. 

To  our  knowledge,  no  data  arc  currently  available  to  demonstrate  changes  in 
the  relationships  between  CRH  and  subordinate  hormones  in  head  trauma 

Disturbed  Circadian  Rhythm 

Loss  of  the  diurnal  rhythm  of  plasma  ACTH  and  adrenocortical  hormones  has 
been  observed  after  head  injury  (94).  It  has  been  reported  that  circadian  rhythm 
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is  preserved  in  palienls  undergoing  laparotomy  (104),  but  lost  in  about  one-half  of 
the  head  trauma  patients  (144).  Disturbances  in  the  circadian  rhythm  of  ACTH 
and  adrenocortical  hormone  secretions  arc  thought  to  reflect  early  deficiencies  in 
neuroendocrine  control  mechanisms  (65). 

Agrimonti  ct  al.  (2)  examined  the  circadian  profile  of  plasma  cortisol  and  aldo¬ 
sterone  in  six  patients  who  were  comatose  following  trauma.  Plasma  cortisol  and 
aldosterone  levels  were  measured  al  4-h  intervals  throughout  three  consecutive 
24-h  cycles  in  the  first  few  days  after  trauma.  A  normally  synchronized  circadian 
pattern  of  plasma  cortisol  was  recognizable  in  all  eases,  in  contrast,  no  significant 
rhythm  of  plasma  aldosterone  was  detected  by  cosinor  analysis,  and  irregular 
fluctuations  of  this  corticosteroid  were  recorded  through  the  entire  day.  These 
data  demonstrate  that  in  the  early  posttraumatic  period,  comatose  patients  main¬ 
tain  a  normal  circadian  rhythm  of  plasma  cortisol  and  lose  the  rhythm  of  plasma 
aldosterone. 

The  pulsatile  release  of  ACTH  and  cortisol  may  be  in  part  the  consequence  of 
intrinsic  rhythmic  organization  of  the  adcnohypophyscal  and  adrenocortical  cells 
(4,22).  The  isolated  hamster  adrenal  gland  in  organ  culture  has  shown  rhythmic 
secretion  of  corticosterone  for  as  long  as  5  days  in  an  environment  devoid  of 
ACTH  (4).  However,  aldosterone  secretion  from  the  adrenal  glomerular  cells  is 
aflcctcd  by  numerous  stimulatory  and  inhibitory  factors:  plasma  volume,  plasma 
potassium,  nutritional  status,  fluid  infusion,  administration  of  drugs,  and  so  on 
(32).  In  addition,  the  aldosterone  rhythm  in  normal  individuals  is  markedly  af¬ 
fected  by  the  fact  that  they  arc  in  the  upright  position  much  of  the  day.  The  loss 
of  normal  mineralocorticoid  rhythm  following  severe  brain  injury  may  reflect  an 
alteration  in  these  factors. 

Pituitaiy-Thyroid  Axis 

General  trauma  frequently  leads  to  low  circulating  triiodothyronine  (Tj)  and 
high  reverse  Tj  (rTj)  levels  with  TSH  levels  that  arc  within  the  normal  range  or 
elevated  (27,29,181).  A  recent  study  showed  surgical  ti.auma  lowered  the  scrum 
TSH  level.  This  suppression  lasted  for  only  I  day  for  the  TSH  morning  value,  but 
for  5  days  for  the  TSH  nocturnal  surge  (9).  It  has  been  demonstrated  that  rT3 
adversely  aflccts  while  Tj  or  TSH  improves  outcome  after  hemorrhage  (139,178). 
In  head-injured  patients,  the  low  Tj  and  rccipiocally  high  rTj  seem  to  be  similar 
to  general  trauma  patients,  but  hc.ad  trauma  patients  have  significantly  lower  TSH 
plasma  levels  than  patients  with  noncranial  injuries  Furthermore,  the  more  se¬ 
vere  the  brain  injuries  ,irc,  the  lower  the  TSH  and  Tj  levels  (28,29,60,122,130, 
175),  Consistent  with  these  clinical  reports  arc  animal  studies,  which  showed  that 
hypothalamic  dam,age  brought  on  dciangcd  TSH  regulation  and  thyroid  dysfunc¬ 
tion  (30,148).  In  rats,  dam.igc  to  the  PVN  blunted  the  increase  in  plasma  TSH  in 
response  to  hypothyroidism  (148).  In  dog  and  rabbit,  hypothalamic  compressive 
lesion  led  to  a  hypothyroidisr.  within  4  weeks  (30). 

The  relationship  between  responses  to  head  trauma  of  thyroid  and  other  neu¬ 
roendocrine  systems  has  been  studied.  Ziegler  el  al.  (181)  observed  that  severely 
injured  (burned)  patients  had  a  strong  negative  correlation  between  norepineph- 
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rinc  and  Tj.  This  relationship  became  less  remarkable  in  patients  with  injury  to 
both  brain  and  the  other  parts  of  the  body,  and  completely  lost  in  patients  with 
severe  head  injury  alone.  This  indicates  that  the  inverse  relationship  between 
elevated  norepinephrine  and  depressed  Tj  levels  in  trauma  patients  is  dependent 
upon  an  intact  brain.  Furthermore,  Woolf  cl  al.  (175)  found  no  correlation  be¬ 
tween  thyroid  hormone  levels  and  the  degree  of  adrenocortical  secretion,  imply¬ 
ing  that  the  thyroid  hormone  dysfunction  in  head  trauma  patients  may  be  inde¬ 
pendent  of  a  generalized  stress  response. 

T3  and  thyroxine  (T4)  have  been  reported  to  be  within  normal  limits  during  the 
first  3  weeks  following  a  severe  traumatic  brain  injury  (79).  Plasma  TSH  and  its 
response  to  TRH  were  also  reported  within  the  normal  range  when  head  trauma 
patients  were  admitted  to  the  hospital  (102,180).  Thus,  it  seems  that  when  the 
hypothalamus  is  injured,  pituitary-thyroid  function  may  be  maintained  for  a  rel¬ 
atively  long  period  of  time  before  a  decline  is  apparent  (102). 

Piluitary-Oonadal  Axis 

Plasma  LH  levels  in  general  surgical  conditions  may  be  elevated,  but  the  liming 
of  the  response  is  variable.  Aono  cl  al.  (5)  observed  a  rise  in  LH  during  surgical 
procedures  followed  by  a  postoperative  decline,  whereas  Charters  ct  al.  (27) 
reported  no  change  during  surgery  and  a  decline  postopcralivciy.  Carsicnsen  ct  al. 
(24)  noted  a  postoperative  elevation  of  LH  that  lasted  for  I  week.  FSH,  in  contrast 
to  LH,  is  unlikely  to  increase  during  and  after  the  surgery  (5.27).  However,  the 
effects  of  GnRH  on  the  secretion  of  FSH  and  LH  may  not  be  parallel,  and  FSH 
may  have  a  GnRH-indcpendcnl  component  to  its  secretion  (80,133).  Other  studies 
of  human  gonadal  hormone  responses  al  the  lime  of  head  injury  show  reductions 
instead  of  increases  in  blood  levels.  Rudman  ct  al.  (130)  reported  persistently 
decreased  scrum  levels  of  FSH  and  LH  in  the  early  postiraumalic  period  in  seven 
head-injured  men.  The  dccrc.ascs  in  both  hormone  levels  corresponded  to  the 
degree  and  duration  of  coma.  Woolf  cl  al.  (173,174)  noticed  that  plasma  levels  of 
FSH,  LH,  testosterone,  and  estradiol  fell  in  both  men  and  women  after  brain 
injury,  and  that  the  magnitude  of  the  hormonal  dysfunction  reflected  the  seventy 
of  the  neurological  deficit.  Sequential  observation  showed  a  biphasic  pattern  in 
some  patients.  In  one  study.  LH  and  FSH  levels  were  elevated  in  three  of  six 
brain  trauma  patients  during  the  first  28  h  after  injury,  and  then  declined  over  the 
next  24  h  (92).  In  addition,  brain  trauma  can  prematurely  activate  the  hypotha- 
lamic-pituitary-gonadal  axis  in  prcpubcsccnt  individuals  This  precocious  pu¬ 
berty  may  result  from  damage  to  certain  cxtrahypothalamic  areas  (e.g  ,  limbic 
system),  which  have  the  ability  to  block  off  the  normal  inhibition  of  pituitary 
gonadotropin  secretion  (137). 


GH 

Elevation  of  serum  growth  hormone  (GH)  has  been  found  during  a  variety  of 
stressful  stales  such  as  surgical  procedures,  trauma,  and  myocardial  infarction 
(21,99,136).  GH  has  also  been  found  to  be  elevated  in  head  trauma  patients.  King 
(92)  showed  that  GH  was  initially  increased  in  three  of  six  patients  and  returned 
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to  normal  by  the  third  to  fifth  day  after  head  trauma.  The  increase  was  not  related 
to  the  cerebral  injury  site  or  degree  of  trauma.  On  the  other  hand,  head  trauma 
may  suppress  GH  secretion  (51,147).  In  one  study,  an  isolated  GH  deficiency  and 
lack  of  GH  response  to  growth  hormone-releasing  hormone  (GRH)  were  reported 
4  years  after  seveic  cerebral  contusion  and  subdural  hemorrhage  (51). 

Brain  trauma  may  disturb  metabolic  control  of  GH  secretion.  Normally,  glu¬ 
cose  loading  suppresses  circulating  GH  in  humans  (65,123).  In  patients  with  head 
trauma,  there  is  a  paradoxical  rise  in  scrum  GH  in  response  to  glucose  (92).  The 
phenomenon  is  temporary,  however,  with  the  normal  suppressive  response  re¬ 
turning  during  recovery  from  the  injury.  A  similar  pattern  of  GH  response  to 
glucose  administration  has  been  described  in  patients  with  other  cranial  and  sys¬ 
temic  abnormalities,  such  as  acromegaly  (12),  porphyria  (1 19),  hepatic  cirrhosis 
(1 10),  and  neoplasia  (13).  These  observations  suggest  that  an  increase  in  GH  is  a 
nonspecific  indicator  of  hypothalamic  dysfunction  resulting  from  a  variety  of 
causes  (35).  Whether  the  paradoxical  elevation  is  a  result  of  increased  GRH 
(somatocrinin)  or  decreased  inhibiting  factor  Isomaloslatin.  growth  hormone- 
inhibiting  hormone  (SRIH)|  or  a  disturbed  inherent  feedback  relationship  among 
GRH,  SRIH,  and  CRH  within  the  hypothalamus  is  unknown  (106). 

Prolactin 

Head  trauma  usually  causes  an  increase  m  PRL  level  over  a  period  of  lime. 
Matsuura  et  al.  (102)  found  increased  scrum  PRL  levels  and  lower  PRL  responses 
to  TRH  m  30  patients  soon  after  head  injury  and  before  initial  management. 
Valenta  et  al.  (154)  reported  two  patients  who  showed  elevated  scrum  PRL  levels 
6  to  12  months  after  severe  head  trauma.  In  another  study  of  six  patients  with 
uncomplicated  head  trauma,  three  had  elevated  scrum  PRL  levels  (92).  These 
reports  arc  m  agreement  with  an  increased  blood  level  described  during  general 
surgery  and  trauma  (III),  and  also  consistent  with  studies  in  rats,  which  showed 
that  hemorrhage  or  immobilization  stress  increased  plasma  PRL  levels  (47,87). 
The  increased  scrum  PRL  levels  arc  related  to  the  severity  of  the  brain  injury, 
indicating  an  impairment  of  prolactin-inhibiting  hormone  (PIH). 

There  have  also  been  reports  showing  unaltered  or  slightly  lower  levels  of  PRL 
m  comatose  patients  several  weeks  after  the  injury  (28,60,130).  The  discrepancies 
in  PRL  response  to  head  trauma  could  be  attributed  to  scvcial  factors:  the  sever¬ 
ity  of  head  injury  and  duration  of  coma,  time  of  study  (early  or  late  postinjury),  the 
drugs  used  (steroids,  catecholamines,  analgesics,  and  so  on),  and  the  lime  during 
the  circadian  cycle. 

AVP  Disturbances:  Syndrome  of  Inappropriate  ADH  Secretion  (SIADH)  and  DI 

AVP  has  been  known  as  one  of  the  principal  hormones  involved  in  water 
homeostasis  (74)  and  arterial  pressure  control  in  both  normal  and  pathological 
situations  (77,131).  Brain  trauma  may  cause  either  insufficient  or  excessive  levels 
of  circulating  AVP.  In  most  cases,  brain  trauma,  especially  when  not  very  severe, 
stimulates  the  hypothalamic-neurohypophysis  system  to  release  excessive  AVP, 
rather  than  suppressing  it  (78,91).  In  one  study,  three  patients  showed  a  high 
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plasma  AVP  level  (5.0  ±  1.6  pg/ml)  within  2  weeks  after  head  trauma,  despite  a 
plasma  osmolality  of  less  than  270  mOsm/kg.  An  osmolality  this  low  would  sup¬ 
press  plasma  AVP  to  undetectable  levels  in  normal  humans  (84).  Chang  et  al.  (26) 
measured  the  sequential  changes  of  AVP  content  in  the  posterior  pituitary  and 
plasma  AVP  level  in  rats  who  sustained  head  trauma  produced  by  dropping  a 
weight.  The  AVP  content  of  the  posterior  pituitary  gland  increased  slightly  5  min 
after  head  injury,  and  then  decreased  gradually.  The  lowest  value  was  584  mU/ 
gland  (66  mil  lower  than  the  control  value)  al  the  end  of  the  second  day  after  head 
injury.  The  AVP  content  of  the  pituitary  gland  began  to  increase  on  the  third 
postinjury  day  and  returned  almost  to  the  control  level  by  the  I4li  day.  However, 
the  change  in  plasma  AVP  level  after  head  injury  was  different  from  that  of  the 
AVP  content  of  the  pituitary  gland.  Five  minutes  following  head  injury,  the 
plasma  AVP  level  increased  more  than  fourfold  from  the  control  value  (6  to  26 
p.U/ml).  This  marked  elevation  in  the  plasma  AVP  level  continued  for  I  h  follow¬ 
ing  the  head  injury.  The  level  then  gradually  decreased  with  time,  but  was  still  10 
pU/ml  higher  than  control  values  on  the  third  day.  When  the  posterior  pituitary 
showed  the  least  amount  of  AVP  on  the  second  day  following  the  head  injury,  the 
plasma  level  was  14  (iU/ml.  or  twice  the  control  value.  On  the  14th  day  after  head 
injury,  the  plasma  AVP  level  returned  to  normal.  This  study  indicates  that  head 
injury  immediately  causes  the  pituitary  gland  to  release  AVP,  and  results  in  a  high 
AVP  level  in  circulation. 

Prolonged  and  excessive  secretion  of  AVP  results  in  SIADH,  which  is  charac¬ 
terized  by  a  scrum  sodium  less  than  135  mEq/L,  a  scrum  osmolality  less  than  280 
mOsM/kg,  a  sustained  urinary  osmolality  greater  than  the  scrum  osmolality,  an 
absence  of  clinical  evidence  of  volume  depletion  and  heart  or  liver  failure,  and 
normal  thyroid,  adrenal,  and  renal  function  (88.140,155.158).  This  syndrome  has 
been  documented  in  severe  head  injury  and  following  intracranial  surgery,  with  an 
incidence  of  0,8-30%  (61.158).  AVP  increases  the  water  content  of  normal  and 
pathological  brain  tissue,  and  facilitates  cerebral  edema  formation  (44,62).  Be¬ 
cause  this  increased  water  content  contributes  significantly  to  an  elevated  ICP  and 
cerebral  circulatory  and  metabolic  perturbations,  early  recognition  is  imperative 
(1,62). 

Knowledge  about  AVP  secretion  under  various  pathological  conditions  has 
been  accumulating  for  some  time.  The  primary  stimulus  for  AVP  release  is  plasma 
osmotic  pressure.  When  osmotic  pressure  is  decreased,  AVP  secretion  is  inhib¬ 
ited  within  minutes  (82,108,150,161,162).  Many  other  noiiosmolar  factors  also 
influence  AVP  release.  The  most  common  clinical  situation  is  hypovolemia  or 
volume  redistribution  (84).  Barorcccptor-mcdiatcd  AVP  release  involves  impulses 
transmitted  from  the  brainstem  to  the  hypothalamus.  The  effects  of  these  impulses 
arc  predominantly  inhibitory.  Any  of  a  variety  of  lesions  that  interfere  with  any 
portion  of  the  pathway  to  the  hypothalamus  may  cause  a  decrease  in  the  inhibitory 
input  to  the  neurohypophysis  and  a  subsequent  increased  release  of  AVP  (74,129). 
There  is  a  close  inverse  relationship  between  the  rate  of  AVP  secretion  and  the 
rate  of  discharge  in  afferents  from  the  low-  and  high-pressure  receptors  in  the 
vascular  system.  The  low-pressure  receptors  monitor  the  fullness  of  the  vascular 
system,  and  arc  the  primary  mediators  of  volume  effects  on  AVP  secretion  (129). 
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Moderate  decreases  in  extracellular  fluid  volume  or  in  cardiopulmonaiy  vascuhr 
fullness  can  increase  AVP  secretion  without  causing  any  chai^  in  ailciial  Mood 
pressure  (81.149).  However,  when  the  volume  changes  are  large  enough  to  pro¬ 
duce  a  decrease  in  blood  pressure,  the  carotid  and  aortic  receptors  [day  a  greater 
role.  It  has  been  shou-n  that  the  sensitivity  of  the  low-pressure  system  is  less  than 
that  for  osmolality  (164).  However,  once  the  volume  is  reduced  Mow  a  threshold, 
release  of  AVP  increases  exponentially  and  finally  reaches  a  level  much  higher 
than  that  achieved  by  osmolar  stimubtion  (129).  Hemorrhage  releases  a  much 
greater  amount  of  AVP  than  plasma  h)'perosmoIality.  and  h}'povolcmb  or  sufli- 
cient  reduction  in  the  fullness  of  central  circubtion  increases  AVP  secretion  even 
if  the  plasma  is  hypotonic  ( 1 29. 149).  Angiotensin  H  may  reinforce  and  enkephalins 
may  attenuate  the  AVP  release  in  response  toosmotic  change  (I0I.I6S).  A  variety 
of  stimuli  in  addition  to  osmotic  pressure  changes  and  extracellular  fluid  volume 
aberrations  also  increasu  .AVP  secretion  (90.129.160.163).  The  plasma  osmotic 
pressure  and  other  AVP-stimubting  factors  may  not  act  in  parallel.  Therefore,  the 
increased  secretion  of  AVP  in  many  instances  could  be  rebted  to  and  appropriate 
for  these  other  stimulating  factors. 

The  pathophysiology  of  hypersecretion  of  AVP  begins  with  water  retention, 
eventually  leading  to  hemodilution.  However,  expansion  of  extracellular  fluid 
volume  causes  an  increased  glomerular  filtration  rate,  suppression  of  renin  and 
aldosterone,  and  stimubtion  of  ANP  release.  All  of  these  can  lead  to  a  secondary 
natriurcsis  contributing  to  hyponatremia  and  hypo-osmolality  (26.88.109.1 16.129). 
It  has  been  reported  that  the  signs  of  hyponatremia  after  head  injury  arc  alleviated 
following  the  administration  of  mincralocorlicoids  (84). 

A  reduced  release  of  AVP  and  the  resultant  excessive  loss  of  free  water  in  the 
urine  causes  the  syndrome  of  Dl.  This  syndrome  is  characterized  by  hyperna¬ 
tremia.  hypcrosmolality.  polyuria,  and  hyponatruria  (88).  Since  the  neurological 
condition  of  the  patient  can  be  adversely  aflcctcd  by  the  development  of  hyper¬ 
tonic  coma,  early  recognition  and  correction  arc  mandatory.  Barrcca  and  cu- 
workers  (8)  performed  endocrinological  studies  on  10  patients  with  posttraumatic 
DI  and  found  that  8  of  these  patients  had  dclicicncics  of  one  or  more  anterior 
pituitary  hormones.  Therefore,  the  presence  of  Dl  calls  for  an  early  examination 
of  anterior  pituitary  function  (8.95.129). 

Edwards  and  Clark  (48)  reviewed  53  severe  brain  trauma  cases;  Dl  occurred  in 
23  (43%).  Barzilay  and  Somckh  reported  an  incidence  of  6.3%  in  300  severely 
brain  damaged  children  (II).  However,  among  general  hospital  admissions,  the 
incidence  of  Dl  was  estimated  to  be  I ;  100.000.  with  a  traumatic  etiology  in  2-16% 
of  these  (91).  Thus,  traumatic  Dl  should  be  considered  a  relatively  rare  clinical 
event,  arising  only  when  there  is  severe  brain  trauma,  and  usually  associated  with 
a  skull  fracture  and  cranial  nerve  injury  (91). 

DI  may  be  permanent  or  temporary.  Permanent  Dl  becomes  apparent  I  day  to 
I  month  later,  because  the  intact  posterior  pituitary  and  lower  stalk  continue  to 
release  stored  AVP  with  maintenance  of  water  balance  until  AVP  is  exhausted 
(78).  Head  trauma  patients  with  delayed  onset  of  Dl  probably  have  a  permanent 
AVP  deficiency  (78).  Acute  onset  of  DI  following  head  trauma  usually  indicates  a 
temporary  AVP  insufficiency  (I  I).  Temporary  DI  may  be  due  to  (a)  inflammatory 
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edeaa  m  Ibc  b}']xKh3l3siiK  or  poiterior  phavtiy  uiih  raobstioa  at  (be  sw'dCas 
sufctiiJet.  or  (b)  coasplclc  dvjagc  to  the  pottenor  pttinlaiy  m'sh  pcratlio^  symp- 
tooK  tmin  suptaoptic  and  paiai'emiicuhr  nemoot  fona  new  latcubr  coancctioot 
(95). 


Hypngtjetmia  and  Hrpensmobr  Nonketotic  Coma 

Hypeislycemia  foUo^ti^  btain  ii^iy  bat  been  dctcribed  and  re^mJed  at  the 
respontc  to  a  tererc  hormona)  ditturbance  (76.93).  It  includes  tnic  diabetes  mel. 
litus  and  nonketotic  hypeiglyecmia. 

Diabetes  meliilus  may  occur  in  trauma  patients  uben  the  cnlianced  secretion  of 
cortisol,  glucagon,  calecholamines.  ara)  GH  results  in  an  impairment  of  insulin 
secretion  and  action  (1 12).  It  has  been  demonstrated  that  ^.endorphin  acts  cen¬ 
trally  to  cause  hyperglycemia  by  stimulaling  sympathetic  oulDou-  and  the  (Hluitary 
adrenal  axis  (124).  The  response  of  blood  glucose  to  insulin  in  head  trauma  pa. 
tients  is  frequently  subnormal,  particularly  in  patients  uith  extremely  high  talues 
of  blood  glucose  (76).  In  one  patient,  a  blood  glucose  level  of  1 1 1  mmol/L  showed 
no  change  follow  inga  total  doscof3G0  U  of  insulin  (121). 

Sequential  changes  in  blood  glucose  and  scrum  cortisol  levels  in  btain.injured 
patients  have  been  observed  and  correlated  with  the  status  of  consciousness  and 
outcome  (118).  In  patients  with  btain  injury,  the  changes  in  glucose  and  cortisol 
arc  directly  related  to  the  level  of  consciousness  for  2  weeks  postinjury:  the 
deeper  the  coma,  the  higher  the  glucose  and  cortisol  values.  However,  very  higher 
blood  glucose  s'alues  are  not  associated  with  further  elevations  in  cortisol  Ics’cls. 
suggesting  that  other  hormones  such  as  glucagon.  GH.  and  catecholamines  may 
play  a  role  in  severe  hyperglycemia  (4.76).  The  scs’crily  and  duration  of  the 
hyperglycemia  has  been  used  to  predict  the  probability  of  survival  follow  ing  head 
injury  (76.93.168).  According  to  Pcnicicnyi  and  Kammcrcr  (1 17).  a  fatal  outcome 
is  inevitable  in  brain-injured  patients  when  blood  glucose  and  cortisol  levels  con- 
sistcntly  exceed  13  and  2200  nmol/L.  rcspcctis'cly.  These  high  levels  of  glucose 
and  cortisol  arc  not  considered  to  be  the  causes  of  death,  but  the  consequence  of 
irreversible  processes  caused  by  severe  brain  damage  (117).  However,  studies 
show  that  hyperglycemia  decreases  the  tolerance  of  the  brain  to  compromised 
cerebral  blood  (low  and  flow-metabolism  uncoupling,  both  of  which  occur  fol- 
lowing  traumatic  brain  injury  (45.141.177). 

In  addition  to  the  classic  pituitary  and  hypothalamic  hormones,  other  humoral 
factors  have  been  found  in  the  hypothalamus,  and  it  has  been  claimed  that  they  act 
directly  on  carbohydrate  metabolism  (76).  The  13  amino  acid  polypeptide  neuro¬ 
tensin  has  been  isolated  from  hypothalamus  and  ileum.  It  has  a  dual  role  as  a 
ncurotransmittcr  and  a  gastrointestinal  regulatory  peptide  (89).  Neurotensin  pro- 
duces  cyanosis,  hypotension,  increased  secretion  of  LH  and  FSH.  and  a  marked 
hyperglycemia  (23).  Another  humoral  factor  has  also  been  isolated  from  the  ven- 
trolatcral  hypothalamus  and  has  been  shown  to  stimulate  isolated  islets  cells  to 
secrete  insulin  (100). 

In  many  individuals,  the  marked  hyperglycemia  after  head  injury  bears  little 
relation  to  true  diabetes  mcliitus.  A  syndrome  that  .satisfies  the  generally  accepted 
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ctkem  of  aoaietotic  h>T«si)'cni£i  may  be  seen  after  ses-ere  bead  injoiy.  een:- 
bfDiasenbr  (ImxniKKes.  eoDepitafilis.  and  beal  stroke  (65.121).  This  syndrome 
represaas  ibe  dmica]  counteipan  of  a  phenomenon  that  ean  be  produced  in 
admals  by  stimulation  of  the  venlrmnediaJ  bypothakumis  (1 15.  145.  159)  or  in- 
fiaccrebros'entrieular  admisHtcaiion  of  some  neuropeptides,  such  as  CRH  and 
TRH  (61). 

The  blood  ^txose  level  if  conlrolled  in  the  bypolbalanuis  \ia  both  neural  and 
humoral  paibua)'s  in  a  manner  similar  to  osmolality  and  core  temperature 
(76jn.l43).  The  immediate  neural  inhibrfton  of  insulin  secretion  and  the  direct 
actisalion  of  hepatic  glucose  release  represent  a  rapid  and  efltcieat  response  to  the 
urgent  txed  for  energy  during  stress  (143).  In  addition,  the  neural  influences  arc 
supplemented  by  hypothalamic  cootnd  of  the  secretion  of  ACTH  and  GH  from 
the  pituitary  and  glucagon  from  the  paixueas  (143).  There  seem  to  be  glucosc- 
sensitis'C  neurons  in  the  h)'polhalamus.  mainly  in  the  ventromedial  and  btcral 
h)'pothalamu5  ( 1 13-1 15. 1 35).  These  neurons  monitor  alterations  in  plasma  glucose 
and  make  corresponding  responses  (90.135). 

Loss  of  Body  Temperature  Control 

Temperature  changes  has'C  been  observed  in  patients  uith  cerebral  trauma  and 
intracranial  hemorrhage:  loss  of  body  temperature  control  indicates  clinical  dete¬ 
rioration  (30.134).  Patients  with  signs  of  midbtain  damage  shoued  significantly 
reduced  circadian  rhythms  of  body  cote  temperature.  This  suppression  of 
rhythms  uas  more  marked  in  patients  uith  acute  brain  injuries  than  with  chronic 
damage  (43).  Fever  of  central  origin  uas  significantly  associated  uith  failure  to 
recover  consciousness.  Survivors'  body  temperatures  ucrc  significantly  lower 
than  nonsurvivors.  Morphological  c.\aminations  of  nonsurviving  patients  con¬ 
firmed  ttiat  the  lesions  were  mainly  localized  in  the  hypothalamic  region  and  the 
extent  of  the  damage  was  proportional  to  the  severity  of  clinical  signs. 

Body  tcmpcialurc  is  primarily  controlled  by  the  hypothalamus  (30.57).  Animal 
studies  have  shown  that  pressor  amines  injected  into  the  cerebral  ventricles  may 
cause  an  aberration  in  body  temperature  (33J8).  In  rabbits,  some  neurons  lying 
within  2  mm  of  the  midlinc  of  the  anterior  hypothalamus  have  shown  a  high  degree 
of  temperature  sensitivity  (135).  Thermoregulatory  disturbances  may  occur  when 
the  cavity  or  lining  of  the  third  ventricle  is  damaged  or  the  hypothalamus  is 
acutely  compressed  (30).  It  appears  that  body  temperature  is  a  highly  sensitive 
parameter  of  hypothalamic  function. 

CONCLUSIONS 

The  pathological  consequences  of  head  injuries  that  affect  the  hypothalamus 
and  pituitary  have  been  well  described,  while  only  a  limited  number  of  cases  of 
traumatic  hypothalamic-pituitary  dysfunction  have  been  reported.  An  explana¬ 
tion  for  this  disparity  is  that  head  injury  of  sufficient  severity  to  cause  hypotha¬ 
lamic  or  pituitary  damage  often  leads  to  early  death. 

Patterns  of  endocrine  abnormalities  vary  depending  on  the  site  of  the  injury. 
Injury  predominantly  to  the  hypothalamus  can  produce  dissociated  ACTH- 
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coftuol  ici'cls  with  little  or  no  response  to  insulin-induced  bypctglycemia  and 
metopirone.  bypothyroxinemh  with  a  preserved  TSH  response  to  TRH.  low  basal 
gptadolropin  levels  with  a  noratal  response  to  GnRH  stimulation,  a  vaiiaUc  GH 
level  with  a  paradoxical  rise  in  GH  secretion  after  glucose  loading.  h>perproIac- 
tinemia.  SIAUH.  temporary  or  permanent  Dl.  disturbed  glucose  metabolism,  and 
loss  of  body  temperature  control.  Severe  damage  to  the  lower  pituitary  stalk  or 
anterior  lobe  can  cause  low  basal  levels  of  all  anterior  ptuitary  hormones  and 
eliminate  responses  to  their  releasng  factors.  Ncs'crthclcss.  only  a  few’  cases  have 
all  the  features  of  typical  hjpQihalamie  or  pituitary  dysfunction.  In  most  cases, 
the  injury  is  suflicicnt  to  damage  both  structures  and  produce  a  mixed  endocrine 
picture.  In  addition,  increased  ICP.  which  releases  AVP  s-ia  changing  normal 
hypothalamic  anatomy,  may  represent  a  unique  type  of  stress  to  neuroendocrine 
systems  and  may  contribute  to  adrenal  secretion  by  a  mechanism  that  requires  an 
intact  brainstem. 

With  the  impros'cmcnt  in  rescue  measures,  an  increasing  number  of  severely 
head-injured  patients  with  hypothalamic-pituitary  dysfunction  srill  sursis-c  to  be 
seen  by  clinicians.  Many  of  the  clinical  signs  of  hypopituitarism  may  have  been 
incorrectly  ascribed  to  postconcussion  syndrome.  Endocrine  function  should  be 
ins'cstigatcd  in  brain-injured  patients  with  basilar  s!;ull  fractures  and  protracted 
postiraumatie  amnesia,  and  patients  with  SIADH  or  DI  should  be  checked  for 
other  endocrine  abnormalities. 
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